
Studying biomarkers reflecting the adverse 
outcome pathways from exposures to 

diseases using molecular epidemiology

Example of the molecular epidemiology protocol developed as part of the 
Concerted Uranium Research in Europe (CURE) project:

Gomolka M, Laurent O, Roy L, Hornhardt S, Badie C, Hall J, 
Baatout S, Tomasek L, Ebrahimian T, Ibanez C, Grison S, Kabacik

S, Laurier D, Guéguen Y
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Limitations of classical epidemiological studies, and complementary 
insights from biology

Statistical power and other issues make it more difficult to directly quantify 
precisely cancer risk in humans at organ doses of <100 mGy* (NRC 2006)

Classical epidemiology does not allow
• to test for biological plausibility
• to investigate mechanisms

^ Only biology/molecular epidemiology can investigate induced 
biological molecular initiating events and molecular key events 
related to the adverse outcome (disease) to support risk 
extrapolation to very low dose.
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s ~ DoReMi Integrating Low Dose Research
H

Example from the CURE Project «Concerted Uranium
Research in Europe»

<EReConcerted Uranium ResearchAim
To elaborate a collaborative research project, integrating epidemiology, 
biology/toxicology and dosimetry to improve risk estimation of uranium contamination in 
occupational context

Included a feasibility study for a molecular epidemiology approach (measuring 
biomarkers for integration into the risk assessment process)

Characteristics
• 9 Participants (IRSN, BfS, PHE, Nuvia, AWE, SCK-CEN, SURO, CREAL, IC)
• 6 Countries (France, UK, Germany, Belgium, Czech Republic, Spain)
• Coordination: IRSN (Dominique LAURIER)

• Duration: 18 months - 1 July 2013 ^ 31 Dec 2014
• Funded by DoReMi

IRSH
INSTITUT 
DE RADIOPROTECTION 
ET DE SÛRETÉ NUCLÉAIRE

^ nuviA



«5 DoReMi Integrating Low Dose Research
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Search for biomarkers of exposureme

r Considération of Chemical + radioiogical toxicity

J. Radiol. Prot. 36 (2016) 319
ConCHttfl JrjniTjrn Ri'Vfdrth

WP1 WP2Identification of pertinent
biomarkers Development of biokinetic
Définition of protocols for Biology and dosimétrie modetsDosimetry
biobank building and * Procedures for estimationUWG\ /analyses of biomarkers of organ doses

Biomarkers of offerts
Lnput of biokmctrc modelsüncertainty

Définition of procedures for Exposure/dose approaches
biological sample collection

Identification of populations
Identification of population subsets for dosensk analyses
for molecular epidemiotogy

Epidemiofogy
Field feasibilsty assessment

WP3Identification of needs for etmes agreements

Epidemiological design and cohort building
Vérification of the feasibility of cohort pooling
Définition of methods for risk analyses

DoReMi

Figure 2. Work packages (WPs) of the CURE project, tasks and interactions between
main WPs and the Üncertainty Workrng Group (UWG).
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Natural Uranium
Solubility and Bioavailability: Radiotoxicity:

Dépendent on 
Chemical compound

Dépendent on 
stability of isotope

U 234, U235
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Exposure

Bioaccumulation dépendent
on Chemical form (solubility) and intake path
Most of the uranium is not absorbed

e.g. U238 Drinking water e.g. U238 Inhalation

Ingestion 

Inhalation 

Skin contact

Skeleton
Kidney
Liver
Soft tissue

Lung tissue
Lymphnodes
Skeleton
Kidney
Liver

Bioeffects: chemical toxicity/radiological toxicity, ratio dependent on isotope

Potentially associated adverse outcomes :
Lung and kidney cancer, nephrotoxicity, respiratory diseases, impaired bone formation

Brain, Cardiovascular effects, hematopietic system
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Open Questions for human health

> Distinction between Chemical and radiological 
toxicity - are there different molecular initiating 
events and effects?

> Chronic low dose exposure - exposure 
estimation? Biological and health effects?

> Effects on children and unborn child?
> Combined exposure situations
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How can radiobiology help to identify and assess 
health risks (Pernot et al 2012, Hall et al. 2017)

■ Refine dosimetry by exposure markers
■ Identify vulnerable groups (early onset, stronger 

reaction,....)
■ Identify Adverse Outcome Pathways by early and late 

effect (disease) markers:
candidate approach and OMIC approach

■ Development of biological based models opposed to the 
sole use of mathematical models of epidemiological data 
that are primarily driven by medium/high doses
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Avalid study protocol needs
■ Identification of biomarkers relevant for 

Molecular initiating (MIE) key biological events 
(KE) on suspected adverse outcome

■ Identification of biospecimen and 
standardization and harmonization of collection 
- dependent on envisaged biomarker

■ Set up of questionnaire to interpret biomarker 
results:
> Identify potential confounders 

■ Inclusion of medical tests
| Verantwortung für Mensch und Umwelt !■■■■■■■
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RADIATION RESEARCH 187, 107 1.27 (2017)
TABLE 3

List of Propose*! Biomarkers to Iw Investigatcd in Uranium-Exposed Peuple (Uranyl Nitrate)
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DoReMi Integrating Low Dose Research

Development of sampling strategies - including 
clinical tests, questionnaires and high quality

samples
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Adverse Outcome Pathways - A strategy for 
toxicological risk assessment

rtir uiiiudi neu^ieui il le lti.ii lcu otdLCü gwveï iiuieiiL i i- m>jcï

National Toxicology Program
U.5. Department of Health and Human Services
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Preston, J.; NAS/NRC 2014

Schematic représentation of an adverse outcome pathway (AOP) for ionizing radiation-induced cancer 
and non-cancer diseases showing each step aiong the proposed pathway and the linked key events.

AOP Steps Key Events

Interaction with Radiation 
Energy Déposition

l
Macro-Molecular Alterations

4
Cellular Responses

U
Organ Responses

il

Adverse Outcome

■ Exposure of target tissue

■ Single, double and multiple DNA breaks
■ Protein oxidation
■ Free Radical formation
■ Chromosome alterations

■ Gene activation
■ Protein production
■ Altered signaling
■ Cell killing and tissue disruption

■ Altered physiology
■ Disrupted homeostasis
■ Altered tissue development/function

■ Impaired development
■ Impaired reproduction
■ Cancer and noncancer effects
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AOPs are particularly designed to allow intégration of information spanning from 
the molecular level, over sub-cellular, cellular and organ levels to the AO at the 
level of entire organisms

AOPs as such cannot be used for risk assessment UNLESS they are 
quantitative (qAOPs), but even if only qualitative they describe a potential 
hazard, given that a specific compound at the concentration, which is 
reached at a relevant site, triggers the Molecular Initiating Event that 
activates the AOP. Relevant for chronical low/ very low dose exposure

AOPs are not Systems biology models.
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Conclusions from the CURE study:
■ A full molecular epidemiology protocol was developed, including a 

questionnaire and other means of data collection to measure 
potential confounding factors.

■ Such an approach will be useful:
■ 1) to determine the changes in biomarkers which may be 

attributed to uranium (chemical/radiological action)
■ 2) to better appreciate the relative influence of uranium versus 

other stressors on these biomarker changes, as part of AOP 
leading to chronic diseases.

■ 3) Adverse Outcome “hypothetical diseases and their 
development” can subsequently be further studied in classical 
epidemiological approaches (at higher doses, e.g. : iPAUW*) and 
through well-justified radiobiological experiments

^ will consolidate elements to draw inferences on risk following 
| exposures to Very lpW doses a

‘international Pooled Analvsis of Uranium Workers SLMaria Gomolka, ERPW Stockholm 2019
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Conclusions: Howcan radiobiology/molecular epidemiology assist 
risk quantification

■ The continued intégration of radiation biology and epidemiology remains an 
important area for future research, with radiation biology providing the 
mechanistic structure (key events in response to chronical/low/very low 
doses) for how epidemiological outcomes may be explained.

■ But also to provide ideas for adverse outcomes, that can be investigated 
in (molecular) epidemiological projects - biomarker changes and risk 
inferences can also be provided by large non radiation-cohorts. “Meet-in the 
middle” approach.

■ Development of fully informative biologically based dose-response (BBDR) 
models to estimate effects at low doses and low dose rates

■ Analysis of uncertainty and reduction of uncertainty is critical to the 
development of risk estimates at low doses:

■ Dose uncertainty
■ Latency period (time between exposure and diagnosis of disease)
■ Shape of the dose responses
■ Dependences on modifying factors related to sex, age and time
■ Disease misdiagnosis
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